To determine the rational order of disk tools placement on the working body is necessary to know the maximum amount of rock, destroyed by the disk tool in benching cutting mode depending on the tool geometry parameters, physical and mechanical parameters of rocks. The article contains the definition of rational parameters of cutting disk tools as well as power and energy parameters of the destruction process by cutting disks and by executive body of the coal cutter. The rational geometric parameters of cutting discs are specified. It was found that each step of cutting with a minimum depth of penetration has its own maximum height of bench outcrop. The dependence of the volumes of large items destroyed by the disk tool on the cutting step height was determined. The existence of the cyclic alternation of destruction phases, regardless the fracture parameters, the height of the ledge outcrop, and tools like free cutting geometry were found. In contrast to the free cutting in benching mode of destruction two large fragments of rocks in one cycle were observed. Consequently, the cyclical nature of the destruction process in the benching mode will be characterized by two chips and crushing, and this cycling repeats throughout the destruction process with the same parameters of destruction.
Introduction
At present time studies of mining machinery and equipment increased greatly in coal basin areas of Russia. The reason of this is coal mining boosting in Kuzbass -the greatest Russian coal basin located in Western Siberia. Last decade coal mining in Kuzbass has increase by 6-10 million tons annually. The main part of Kuzbass coal is mined by open pit enterprises -65%. And now Kuzbass open pits are the leaders in new mining equipment implementation and research contractors [1] . Many studies have focused on the destructive influence of cutting tools on rock arrays [2] [3] [4] [5] . Some studies were devoted to the analysis of different aspects of cutting process [6] [7] [8] [9] [10] [11] [12] [13] [14] .
Another group of works is devoted to accuracy of measurements [15] [16] [17] [18] . Destruction process modelling has become the topic of active research since the 2000 th [19] [20] [21] [22] [23] [24] . Some studies are devoted to applying the results of research of cutting process in different kinds of equipment [25] [26] [27] [28] [29] . The significant part of research made by Kuzbass scholars (Western Siberia, Russia) belongs to improving characteristics of cutting instruments for rock destroying in coal mines and pits [30] [31] [32] [33] [34] [35] [36] [37] .
However production of highly effective cutting disks for rock destroying tools of mining machinery is still important for Kuzbass coal industry.
Materials and methods
The estimated scheme of the influence model of distributed single effort on a quarter of space with outgrowth is shown in Fig. 1 , where the resultant of the force distribution on a horizontal surface is defined as:
where l -length of contact of the tool with the rock. The fracture surface is described by the criterion:
where σ 1 , σ 2 , σ 3 -primary stresses.
The theoretical results describing the volume of the large destroyed element by disk tool are best described by the formula of the ellipsoid.
In Fig. 1 bar and dot-dash lines show the fracture surface, built on the formulae of ellipsoid and the pyramid respectively.
As a result, conducted research showed that the step of cutting S c -the distance from the line of action of the tool to the height of the projection influences on the distribution of the fracture surface plane X0Y. 
For pyramid:
Results of calculation of the dependence of the volume of large elements (V) destroyed by disk tool on the size of the cutting step S c are shown in Fig. 2 . It is likely that the surface of large elements of real materials having structural defects should be between the fracture surface of the ellipsoid and pyramids. Here, the amount of real materials is shown by the shaded area.
These curves reflect a dome-like character of the distribution. Volumes of maximum large elements separated from the array by disk tool are located in the area of Experimental studies were carried out on a special stand with strain gauge head in the volume setting (Px, Py, Pz), developed in the laboratory of the department of mining machines and equipment of Kuzbass State Technical University [38] [39] [40] .
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As a result of experimental studies the existence of cyclical phase sequence of destruction was revealed, regardless of fracture parameters, the height of projection exposed and geometry of tools like free cutting. Fig. 3 shows these phases of destruction depending on the different penetration depth (h) of a disk tool. In contrast to free-cutting, in projection mode of destruction we observed two large fragments of rocks in the same cycle. Consequently, the cyclical nature of destruction process in projection mode [41] is characterized by two fragments and common fragmentation, and all these cycles are repeated throughout the process of destruction with the same parameters of fracture.
Fig. 3. Forms of fragments and the cycles of destruction with projection cutting mode
On the basis of conducted experiments it was established that phases of cycles don't depend on penetration depth (h) and have the same form of fragments. Also it was revealed that when changing diameter of the tool D, length of a phase of destruction of l p remained constant.
As a result of calculations the following functional dependences of volume of the destroyed large elements of material (V) on a cutting step S c and height of exposure of free surface (L) were calculated: -for ellipsoid: 
.
Results and discussion
Based on the functional relationship described above the chart (Fig. 4) has been plotted to show clearly the amount of damaged material, depending on the cutting step S c , and the height of exposed surface (L). In Fig. 4 solid line denotes the amount of damaged material, We modeled real zone of destruction for outgrowth system of development with working body for the ratio S c /L max = 0.91 (Fig. 5A) , from which it follows that this ratio is characterized by significant area of intact material (indicated by the dashed lines), for further destruction of which the undue increase of energy consumption is required.
Therefore, to achieve the smallest area of intact material while maintaining the maximum possible amount of damaged material we modeled simulated modes and selected the parameters of destruction S c ≥ 0.035 m and L = 0.045 m (Fig. 5B) . The results of theoretical and experimental studies of the volume of destruction of large elements (V) depending on depth of introduction (h) are given in fig. 6 . Horizontal lines in Fig. 6 designate theoretical dependences of volume of destroyed material (V) without deepening the disk tool. They are independent from depth of introduction of h character and are calculated for a pyramid (Fig.5 A,B , line 1), an ellipsoid (( Fig.5 A,B, line 2 ) and the average volume of the destroyed element ( (Fig.5 A, 
Conclusions
Results of the maximum volumes of destroyed material (V max ) are located between the theoretical dependences calculated on formulas of an ellipsoid and a pyramid. Therefore, the offered theoretical dependences of creation of volumes of destroyed large elements (V) on influence of the disk tool without deepening are correct for depth of introduction of h < 0.015 m. At the destruction of solid rocks the disk tool penetrates into a depth h of 0.01 m. So, defined functional dependencies are valid for the destruction of solid rocks with outgrowth mode by disk tools.
